We applied excitation emission matrix-parallel factor analysis (EEM-PARAFAC) technique to ascertain the fluorophore group indicating fecal pollution from the complex nature of dissolved organic matter (DOM) in surface water of Kushiro River Basin. Covariation between relative concentrations of identified fluorophore groups and specific steroid profiles were analyzed to produce an alternate classical steroid indicator of fecal pollution by the identified fluorophore group. The fluorophore, showing fluorescent characteristics similar to those of the indole ring structure of tryptophan, was found from cattle slurry. The maximum fluorescence intensities (F max ) of the fluorophore showed seasonal and spatial distribution similar to that of coprostanol (5β), which is known as indicator of fecal pollution. The fluorophore was widely detected in surface water of Kushiro River Basin collected from autumn through the following spring, after application of cattle slurry to pastureland. In this case, F max of the fluorophore showed good correlation with 5β, while during fall through spring, it is useful similar to 5β. Composition of 5β in fecal sterols is specific to the type of domestic animal. Correlation between 5β and F max of the fluorophore holds only in a basin that has the DOM sources of breeding beef and dairy cattle such as Kushiro River Basin.
INTRODUCTION
In aquatic ecosystems, dissolved organic matter (DOM) plays an important role in the speciation [1] and transport [2, 3] of metals, distribution [4] and bioavailability [5] of hydrophobic contaminants, and cycling of trace elements [3] . Also, DOM is an important concern related to drinking water treatment because it produces adverse aesthetic qualities such as discoloration, bad taste, and odor [6] . Moreover, it adversely affects the performance of water treatment processes such as granular activated carbon filtration and membrane filtration. It can decrease the effectiveness of oxidants and disinfectants and produce undesirable disinfection byproducts during oxidation processes [7] as well. The DOM structure and composition strongly affect many of these processes [8] [9] [10] , indicating that DOM characterization is necessary to understand and to manage aquatic resources.
In freshwater environments, DOM is a complex and not fully characterized mixture of various aliphatic and aromatic compounds having broadly diverse molecular weights [11] . The composition and characteristics of aquatic DOM are strongly location-dependent and are determined by the source of the organic matter [12] . Actually, DOM heterogeneity is a product of its wide diversity of sources and its reactivity to physical, chemical, and microbial degradation processes. Exudation by aquatic plants and their degradation are important sources of DOM in natural waters [13, 14] . In many freshwater environments, terrestrial sources such as dissolution of soil organic matter and the degradation of terrestrial plant matter are also important DOM sources [15] . Another terrestrial source of DOM is water drained from cattle slurry that is spread throughout agricultural areas [16] .
Fluorescence excitation emission matrix (EEM) spectroscopy has been applied successfully to the identification of terrestrial, marine and anthropogenic components of DOM [17] [18] [19] [20] . Actually, EEM spectroscopy constitutes a potentially viable approach to detect anomalous changes in water quality [21] [22] [23] . Parallel factor analysis (PARAFAC), a statistical tool used to decompose a dataset of EEMs into different individual components representing unique fluorescence features, is widely applicable for tracking the behaviors of different DOM components in natural and engineered environments [24] [25] [26] [27] . Combining EEM datasets with PARAFAC has provided even more benefits for tracking DOM fluorescence features by separating dissimilar fluorescent components in a more quantitative manner [28] [29] [30] [31] [32] . The intensities and the relative abundance of the separate PARA-FAC components, which reflect different DOM sources and structures, have been used as the surrogates for water quality, treatability of DOM, and treatment performance [27] . Zhang et al. [29] reported four distinct fluorophore groups, two humic-like substances (terrestrial and marine) and two autochthonous substances with tyrosine and tryptophan-like fluorescence. In those earlier studies, no distinct fluorophore group showed anthropogenic components from drainage water of agricultural areas such as fecal pollution from manure.
The concentrations of fecal indicator bacteria, such as fecal coliforms, Escherichia coli, and enterococci, are useful to detect the contribution of manure to the DOM pool of rivers. The concentrations of fecal indicator bacteria in raw wastewater vary from 10 5 to 10 7 (CFU/100 mL) [33] [34] [35] [36] whereas the concentrations of fecal indicator bacteria in receiving surface waters range from 10° to 10 6 (CFU/100 mL) [36] [37] [38] [39] [40] . However, the use of common fecal indicator bacteria to detect the contribution of manure to the DOM pool of rivers is challenging because these fecal indicator bacteria can multiply in natural waters under favorable conditions (e.g. warm temperatures). They are also present in the feces of different animals [41, 42] .
Kushiro River Basin has various terrestrial DOM sources such as forest, wetland, and agricultural areas. Especially for agricultural areas, 98% of crop acreage is pastureland [43] ; 98% of domestic animals are beef and dairy cattle [43] . Cattle slurry from domestic cattle is commonly used as manure for pastureland in Kushiro River Basin, often causing water pollution. In Kushiro River Basin, the dominant source of fecal pollution is cattle slurry and manure applied in pastureland. Conventional indicators of fecal pollution, E.coli and ammonium, decay in ripening process. These indicators are not suitable for use in fecal pollution from ripened compost. For these reasons, it is difficult to differentiate the fecal pollution sources derived from various animals and/or humans using conventional fecal indicator bacteria.
Concentrations of fecal sterols such as coprostanol (5β) are stable in ripening process [44] and useful to indicate fecal pollution as source tracking markers to detect the contribution of manure to the DOM pool of rivers and to differentiate the sources of fecal pollution [16, 37, [45] [46] [47] [48] . Complicated sample preparation and accurate analysis with GC/MS are necessary to evaluate steroid profiles, but EEM merely requires minimal sample preparation and simple analysis. Furthermore, fluorescence spectroscopy can be adapted easily for the development of techniques to monitor the dynamics of organic matter by the application of an in situ fluorescence sensor [49, 50] or conduction of online measurements [23, 51] .
In this study, we applied EEM-PARAFAC technique to separate the fluorophore group, which indicates fecal pollution from the complex nature of DOM in surface waters of Kushiro River Basin. Covariation between relative concentrations of identified fluorophore groups and specific steroid profiles were analyzed to produce an alternate classical steroid indicator of fecal pollution by the identified fluorophore group.
MATERIALS AND METHODS

Sample Collection
Surface water samples were collected in Kushiro River Basin Fig. 1 . River water samples were collected at sites 1 − 10 (mainstream) and at sites T1 − T11 (tributary). Surface water samples were also collected as DOM sources at sites L8 (Shirarutoro Lake), L9 (Touro Lake), M9 (Takkobu Marsh), and W9 (Kushiro Wetland). Treated water from sewage from two terminal treatment plants was collected as anthropogenic source at sites OD7 (oxidation ditch method plant) and MBR9 (membrane bioreactor plant). The raw water sample was collected at the water treatment plant (WTP) of Kushiro City. Samples for the determination of spatial distribution were collected in October 2012. Numerals of sampling site name for tributary, lake, marsh and wetlands denote the positional relation against the mainstream, i.e. tributary T6 converges to the mainstream between sites 5 and 6.
Several DOM source samples were collected to ascertain typical EEM spectra and profiles of sterols. Leaf soil samples were collected from primary forest near sites 1, T4-1, and T8c-1, designated as 1F, T4-1F, and T8c-1F, respectively. A peat soil sample was collected from wetlands near W9, designated as W9W. The cattle manure sample and cattle slurry sample were collected respectively from pastureland near T4-3 and from a composting facility. Precipitation and the snow accumulation recorded in Shibecha observation point (located in pastureland in Kushiro River Basin) and the water level recorded in Iwabokki observation point (near the intake of the WTP) were used in this study.
Sample preparation and analysis
Water samples for DOM concentration and optical analysis were filtered through a pre-combusted 1.0 μm glass fiber filter and were stored in cool and dark conditions. A portion of the sample filtrate was taken and placed into 10 mL glass tubes. Then, 50 µL of 2 N HCl was added. The DOM concentration was measured using a high-temperature combustion method (TOC-V analyzer; Shimadzu Corp., Kyoto, Japan).
Before optical analysis of DOM, samples were allowed to warm up to 25°C. The DOM fluorescence measurements were taken using a fluorescence spectrophotometer (FP-8200; Jasco Corp., Tokyo, Japan). Bandwidths were set respectively to 5 nm and 1 nm for excitation and emission. A series of emission scans (300 − 550 nm) were collected over excitation wavelengths of 220 − 400 nm by 5 nm increments.
For sterol analysis, 1 mL of 2 N HCl was added to 1.0 L of a water sample, and was filtered through pre-combusted 0.7 μm glass fiber filter. Sample filtrate was extracted using solid phase extraction (Sep-Pak plus PS-2; Waters Corp., Milford, USA) and was eluted with 10 mL of dichloromethane/methanol (65/35) . A suspended solid sample was extracted using a Soxhlet apparatus with dichloromethane/methanol (65/35) for 24 hr. Both extracts were combined, mixed well, and concentrated to about 10 mL using a rotary evaporator. The concentrated sample was dehydrated with sodium sulfate and was dried under a nitrogen gas stream. Then, it was redissolved into 1.0 mL of dichloromethane. Crude extract was purified by Sep-Pak plus alumina using the following procedure. Crude extract was loaded into a preconditioned alumina cartridge and was pre-eluted with 8 mL of dichloromethane. The fraction involving sterols was eluted with 4 mL of dichloromethane/methanol (65/35). The sterol fraction was dried under a nitrogen gas stream and was re-dissolved into 1.0 mL of dichloromethane. Then, 200 µL of N,O-bis (trimethylsilyl) trifluoroacetamide with 10% trimethylchlorosilane was added to the purified sample as a trimethylsilyl derivatization agent. Finally, 0.2 µg of phenanthrene-d 10 was added as an internal injection standard.
The GC/MS analyses of the sterols were performed using a Trace GC coupled to a mass spectrometer (Polaris Q; Thermo Fisher Scientific Inc., Waltham, Japan) equipped with a 30-m DB-5 ms (J&W Scientific Inc., folsom USA), 0.25 mm i.d., 0.25 μm film fused silica column. The heating program was 100°C to 260°C at 20°C/min, then 260 − 300°C at 3°C/min, followed by an isothermal stage at 300°C for 15 min (constant He flow of 1 mL/min). The inlet of GC, interface and ion source of MS were maintained at 250°C. The amounts of sterols were ascertained by comparison of the GC peak areas to those of the internal standard. Peak areas were achieved at m/z 368 for cholesterol (C27), 370 for coprostanol (5β), 382 for campesterol (C28), 369 for campestanol (C28-ol), 396 for sitosterol (C29), 383 for sitostanol (C29-ol), and 188 for phenanthrene-d 10 .
To evaluate EEM and the sterol profile of DOM source, collected source samples were extracted using Milli-Q water to find the exudate from DOM sources. Ten times the amount of Milli-Q water was added to soil or manure samples and was extracted using 200 rpm horizontal shaking for 6 hr. Exudate samples were separated by centrifugation at 3,000 rpm for 15 min. Then the DOM and sterol concentrations were found using optical analysis with the same procedures as those used for surface water samples.
The PARAFAC analysis in our study was conducted using MATLAB ver. 2014b with the dissolved organic matter fluorescence toolbox (DOM Fluor ver. 1.7 for MATLAB), according to the procedures described by Stedmon and Bro [30] . For PARAFAC modeling, excitation wavelengths of 220 − 400 nm and emission wavelengths from 300 − 550 nm of each EEM were used. Regions for which the emission wavelength was below excitation were deleted. The EEM spectra of 196 surface water and source exudate samples were used for PARAFAC analysis.
Multiple regression analysis in our study was conducted using STATISTICA Standard 06 J (STAT Soft Japan), with variable increasing method. The concentration of 5β and F max of the eleven fluorescence components described in Table 1 were selected as the dependent variable and the independent variables, respectively, in the analysis.
RESULTS AND DISCUSSION
EEM spectra of DOM source Figure 2 presents EEM spectra of the DOM source sample exudate. Leaf soil (1F, T4-1F, and T8c-1F) samples were collected from primary forest. The EEM spectra of these samples showed strong fluorescence (270/430-480, excitation/emission) and weak fluorescence (320-350/420-480). These fluorescence characteristics match UV humic-like and visible-humic-like substances report from several studies [17, [52] [53] [54] of marine and terrestrial environments, including forests and wetlands (Stedmon et al., 2003) . The EEM spectra of peat soil (W9-W) also had the same fluorescence at these regions. These UV humic-like and visible-humic-like substances were typical exudate DOM from primary forest in Kushiro River Basin.
Actually, the EEM spectra of the cattle slurry showed marked fluorescence at (<220/350) and (270/350). These fluorescence characteristics resemble those of protein-like substances that have an indole ring, specifically tryptophan [24, 55] . Typically, tryptophan-like substances are associated with the autochthonous production of DOM through biological degradation [25, 53, 55, 56] . The EEM spectra of the cattle manure had strong fluorescence at (270/430-480) and weak fluorescence at (320-350/420-480), similar to primary forest samples. However, tryptophan-like substances observed in the cattle slurry were not included in this sample. The cattle slurry frequently did not ripen better than cattle manure because the ripening period of cattle slurry (10 − 20 days) is shorter than that of cattle manure (about 3 months). Hachiuma et al. [57] reported the microbial degradation of tryptophanlike substances in excreta. Therefore, tryptophan-like substances in cattle slurry remained because of insufficient ripening, which presented the possibility of characterizing fecal DOM from the cattle slurry.
Components identified from PARAFAC analysis
Eleven fluorescent components that exclude scatter were identified using PARAFAC analysis. The positions of the fluorescence maxima are presented in Table 1 along with the fluorescent components identified in earlier studies. Component 1 resembled the humic-like substance reported by Pifer et al. [58] as a visible humic-like substance. Component 2 closely resembled the humic-like substance which absorbs light in UVA and UVC regions [59] described for hydrophobic compounds having large molecular sizes [58, 60, 61] . Component 4 resembled a humic-like substance reported by Stedmon and Markager [55] as a terrestrial humic-like substance in forest streams and wetlands. These three components, which were prominent in lake, marsh, and wetland samples, correspond to the trend reported by Stedmon and Markager [24] .
Components 3, 7 and 9 resemble humic-like substances that originate from treated wastewater that has three excitation maxima at <200, 230 and 374 nm, as reported by Pifer et al. [58] .
Component 5 was similar to component 3 reported by Stedmon et al. [24] , described as unresolved biological production. The fluorescent characteristics of this component were similar to those of a tryptophan-like substance (component 10 in our study), but with an emission maximum at slightly shorter wavelengths (350 vs. 370 nm). Component 6 was similar to the visible marine humic-like substances reported by Coble et al. [53] .
Component 11 had characteristics that closely resemble tyrosine-like fluorescence [17] , which indicates autochthonous production of DOM through biological degradation [25, [53] [54] [55] [56] . The fluorescent characteristics of component 8 could not be interpreted based directly on protein-like substances reported from previous studies. The emission maximum (Em max ) at 340 nm was between those of tryptophan-like and tyrosine-like fluorescence. The Em max was between those of tyrosine and tryptophan [62] . This might be a consequence of a shifted peak, which might be attributable to the formation in a different microenvironment resulting in differences in amino acid composition [63] .
The fluorescent characteristics of components 5 and 10 were protein-like substances similar to the indole ring structure of tryptophan and this protein fluorescence has also been associated with biological production in surface waters [53, 64, 65] . However, fluorescence characteristics of Component 5 (235 (285)/370) [24] and component 10 (<220 (275)/355) [53] were slightly different and component 10 showed similarity to the significant peaks in EEM of cattle slurry described in a previous section. The maximum intensity of excitation and emission for each component was defined as F max, which was used to establish the relative contribution of the PARAFAC fluorophore moieties. Actually, F max cannot be involved in a thorough evaluation of the component configuration (i.e., a higher F max does not necessarily imply a major presence of the component in the sample). However, F max of the component could be used to compare the relative contributions of respective samples. The F max of components 5 and 10 in exudate of cattle slurry are 0 and 89.4, respectively. The value of component 10 was higher than that of other samples such as cattle manure (7.10), peat soil (16.3 (W9W) ), leaf soil (6.27 − 17.8 (F1, T8c-1F and T4-1F)) and surface water samples (0 − 44.0). Therefore, the cattle slurry exudate inflow was able to affect the EEM spectra of surface water.
Behavior of fecal pollution in surface water
The 5β is produced by the microbial reduction of cholesterol in the digestive systems of higher animals [20, 66, 67] . Although coprostanol, as an indicator of fecal pollution in aquatic environments, has been widely used for a long time [16, 37, 47, 49, 50, 68, 69] , its quantitative aspects are not entirely clear. Several researchers have demonstrated a positive correlation among coprostanol concentrations, particle size, and fraction organic carbon [70, 71] . For these reasons, the concentration of 5β has been regarded as a suitable indicator of fecal pollution. Figure 3 shows the seasonal behavior of the concentration of 5β and F max of component 10 in surface water of site 6, which was located in the most downstream area of pastureland where cattle slurry was applied. The estimated hydraulic retention time between observation points in Iwabokki and Shibecha is about 11.3 hr. Concentration of 5β, which is known as an indicator of fecal pollution was significantly higher in Oct. 2012 and Mar. 2013 than in other seasons. In Kushiro River Basin pastureland, cattle slurry is commonly applied mainly in October after the second harvest of feed crops. Furthermore, 11 mm of precipitation occurred during the 3 days preceding the sampling period in October 2012. Kushiro River water level monitored at the Iwabokki observation post had risen 4 cm. Therefore, the increased concentration of 5β in October 2012 resulted from the application of cattle slurry. For March 2013, no precipitation was observed, but Kushiro River water level had also risen 1 cm in accordance with meltwater. Because of snow melt, cattle slurry applied during the prior autumn flowed into Kushiro River. However, no marked precipitation or snow melting was observed in other sampling periods. Figure 4 shows the spatial distribution of concentrations of 5β and F max of component 10 in October 2012. From sites 1 − 3, the concentration of 5β increased from below the detection limit (< 0.005 µg/L) to 0.053 µg/L. Fig. 1 shows that much pastureland is situated among sites 1-3 around Kushiro River mainstream. This increase in the 5β concentration is attributable to the loading of exudation from fertilized pastureland around the river. Concentration of 5β decreased to 0.022 µg/L at site 5 and increased again at site 6. Concentrations of 5β in tributaries T4-1, T4-3, and T6 were, respectively, <0.005 µg/L (below the detection limit), 0.022 µg/L and 0.22 µg/L. These variations of concentration of 5β occurred with the confluence of tributaries into Kushiro River. The concentration of 5β decreased to 0.041 µg/L at site 7 and was almost constant at downstream of site 7. Fig. 1 shows that this trend reflects the absence of a loading source of concentration of 5β because this section is a wetland area.
Capability of component 10 as an indicator of fecal pollution
To clarify the capabilities of this fluorophore as an indicator of fecal pollution, the relation between a known indicator of fecal pollution and component 10 was evaluated. Components 9 and 10 were selected as significant independent variables in October 2012 (R = 0.94) by the multiple regression analysis. While component 10 was selected in March 2013 (R = 0.87), components 10 and 11 were selected in both sampling sets (R = 0.80). Component 10 was the common independent variable in the three cases. On the other hand, single regression analysis showed that F max of component 10 significantly correlated at p < 0.01 with the concentration of 5β (R = 0.94 in October 2012, 0.87 in March 2013 and 0.76 in both the sampling sets). The results showed clearly that component 10 was the dominant factor to replace 5β, and influences of other components were extremely low. Therefore, we determine the fecal pollution in Kushiro River by the single regression analysis using F max of component 10. Figure 3 shows the seasonal behavior of the average concentration of 5β and F max of component 10 in surface water of site 6. The F max of October 2012 and March 2013 were also higher than those in other seasons. This trend was almost identical to that of the concentration of 5β. Fig. 4 shows the spatial distribution of concentrations of 5β and F max of component 10 in October 2012. From sites 1 − 3, F max of component 10 also increased from 8.1 to 30.0. These variations of component 10 also occurred with the confluence of tributaries into Kushiro River. The F max of component 10 also decreased to 11.3 at site 5 and increased again at site 6. The F max in tributaries T4-1, T4-3, and T6 were, respectively, 15.7, 11.8 and 44.0. The same trend of variations was observed for concentration of 5β with the confluence of tributaries into Kushiro River. At site 7, F max of component 10 decreased to 19.5 and decreased slightly below site 7. Consequently, the increase in fecal pollution implied by concentrations of 5β at sites 3 and 6 was also described by F max of component 10. Figure 5 presents the relation between F max of component 10 and concentration of 5β in surface water samples collected in October 2012 (Fig. 5(a) ) and March 2013 (Fig. 5(b) ). For both sampling sets, good correlation was observed according to the following equation. The value of coefficient a for March 2013 was lower than that for October 2012. Particulate phase or soil and sediments can adsorb fecal sterols easily because of its hydrophobic nature (log Kow. 8.82) and fecal sterols can be resistant to anaerobic biodegradation [37, 45, 72, 73] . Consequently, fecal sterols in cattle slurry applied in autumn were persistent during the winter period. On the other hand, the fluorophore component 10 was not persistent in the soil environment, because this fluorophore was observed in unripe cattle slurry and was not observed in ripened cattle manure as presented in Fig. 2 . The lower value of coefficient a for March 2013 might be attributable to the higher degradability of fluorophores than fecal sterols because cattle slurry was applied in October 2012. The difference in values between October 2012 and March 2013 was not significant. Correlation (R = 0.764) between component 10 and 5β was also observed among two sampling periods (a = 123, b = 10) (Fig. 5(c) ). This correlation clearly showed that F max of component 10 can indicate fecal pollution 5β for the period from fall through spring.
The concentration of 5β and F max of component 10 showed good correlation only for the period from fall through spring. The decay of component 10 by microbial process and/or dilution disrupts the correlation in other seasons. Therefore, the correlation was only observed in the period when the applied cattle slurry flowed into surface water. Spatial distribution of component 10 was almost identical to that of 5β only in upper and middle basin of Kushiro River. The composition of fecal sterols including 5β is specific to the type of domestic animals [16, 46] . In Kushiro River Basin, 98% of domestic animals are beef and dairy cattle [43] . Consequently, the correlation between 5β and F max of component 10 presented in Fig. 5 holds only in a basin that has DOM sources of breeding beef and dairy cattle such as Kushiro River Basin.
CONCLUSIONS
In this study, we applied EEM-PARAFAC to ascertain the fluorophore group indicating fecal pollution from the complex nature of DOM in surface water of Kushiro River Basin. The protein like fluorophore group which have fluorescent characteristics similar to those of the indole ring structure of tryptophan (<220 (275)/355) was found from cattle slurry. The fluorophore was widely found from EEM spectra of DOM in surface water of Kushiro River Basin. The F max increased through pastureland in midstream of Kushiro River from autumn through the following spring, after application of cattle slurry to pastureland. In this case, F max of the fluorophore showed good correlation with 5β, it is useful similarly to 5β as an indicator of fecal pollution from domestic animals of same species in the fertilizing period.
